Abstract. Sofiyanti N, Iriani D, Fitmawati, Marpaung AA. 2019. Morphology, palynology, and stipe anatomy of four common ferns from Pekanbaru, Riau Province,. The fern explorations had been conducted in Pekanbaru, Riau Province from 2013 to 2017. The objectives of this study were to characterize the morphological characters, to examine the spore features and stipe anatomy characters of four common ferns from Pekanbaru. The specimens were collected from the fields using the exploration method from 21 study sites from 10 sub-districts. The spores were then observed using a digital microscope. A total of four fern species were known as the most common fern species in this region, i.e., Dicranopteris linearis, Stenochlaena palustris, Nephrolepis biserrata, and Davalia denticulata. This study examined the morphology, palynology and stipe anatomy of these four common ferns from Pekanbaru, Riau. The anatomical preparation was conducted using paraffin method while spore preparation using acetolysis method. We found dimorphic ferns (Stenochlaena palustris and Davallia denticulata) and monomorphic ferns (Dicranopteris linearis and Nephrolepis biserrata). The vascular bundle of stipes of four species examined is similar, i.e., amphicribral concentric, however, the vascular bundles within the species varies in size. We also observed similar type of stele, atactostele, among the species. The spore features found in this study were monolete and trilete with prolate and subprolate shape. The result of this study supports the anatomical data of the examined species.
INTRODUCTION
Fern is a lower plant group that characterized by being vascular and having spore. The presence of vascular bundle distinguishes this group from mosses. Most of the fern species have crozier, a juvenile with fiddlehead. This structure forms a coiled young frond. However, fern members from this following genera: Equisetum (Guillon 2004) , Psilotum (Vahdati et al. 2014) , Salvinia, and Marsilia are lack of this structure (Nagalingum et al. 2006) . The members of the fern group are cosmopolitan species, that widely distributed in the world, especially in tropical regions. This plant group consists of up to 12.000 species (Aldasoro et al. 2004) .
The exploration of fern from Riau Province have been conducted from 2010 to present (Sofiyanti 2013; Wulandari et al. 2016; Sofiyanti et al. 2015a; Yusna et al. 2016) and identified a total of 112 fern species. Some fern species have high abundances and very common in this province, including in the capital city, Pekanbaru. In spite of the development of this city reduce the habitat of this ferns, however, there are many locations remain for fern habitat. The epiphytic ferns can be found on the ornamental roadside trees, abandoned broken fence or wall, or on crop trees such as Nephelium lappaceum (Rambutan), Mangifera indica (Mango) and Elaeis guineensis (Oil palm) (Sofiyanti 2013; Sofiyanti et al. 2015a) . While the terrestrial ferns occur on the ground of forest city, roadside, yard, garden or other open space areas. This study indicated the most common fern that much abundance in Pekanbaru, Riau Province, i.e., Dicranopteris linearis, Stenochlaena palustris, Nephrolepis bisserata and Davallis denticulata. The finding supports us to examine the detailed morphology, palynology, and stipe anatomy of these four common ferns.
Morphology is the most common evidence in plant taxonomic. Many taxonomists used this character for taxonomic works for description, identification, classification as well as in determining a new species (Huiet et al. 2015; Lindsay et al. 2008 ; Rojas-Alvarado 2017; Sofiyanti et al. 2015a; Sofiyanti et al. 2016) . Palynology is a study on the characteristic of spore (in Cryptogamae such as mosses and fern) and pollen (Phanerogamae or Spermatophyta). Palynological data supports the taxonomic status of a species due to the constant characteristic of spore or pollen (Moran et al. 2007; Sofiyanti et al. 2017; Zenkteler 2012) . While the anatomical data is also important for examining the inner structure of a taxon, including the anatomy of stipes. The objectives of this study were to characterize the morphological, to examine the spore features, and stipe anatomy characters of four common ferns from Pekanbaru.
MATERIALS AND METHODS

Samples collection
All samples were collected from the field using the exploration method. A total of 21 study sites from 10 subdistricts were selected based on the fern occurrence (Table  1) . We used direct observation to select the common and abundant ferns that found in 21 study sites. Each selected species was photographed before being prepared for herbarium. 
Morphological study and identification
The detail morphological observation of generative and vegetative organs was carried out for each species identified. Identification was made mainly based on Piggiot (1998), Sofiyanti et al. (2015b) as well as based on the fern collections from Herbarium Riauensis. The accepted name and synonyms of each species were checked in http://www.theplantlist.org.
Palynological study
Spores preparation using acetolysis method based on Johansen (1940) . The spore materials were fixed in Glacial Acetic Acid (GAA) for 24 h. and were then centrifuged using hand centrifuge for 5 min before being put in the GAA: H2SO4 solution (9:1). The heating of materials for 15 min. was done using water bath, before centrifugation for 5 min. Replaced the solution with the mixture of GAA (2 mL), 3 drops of Na Chlorate and 3 drops of HCl, followed by 5 min. centrifugation. The washing step was conducted 3 times by replacing the solution with dH2O, and the materials were then stained in the mixture of 1% safranin and glycerin. The spore morphology was observed and photographed with USB Digital Microscope (Brand HOT). The measurement of spore length was conducted based on 20 pollen grains each species. The determination of spore characteristic followed Ertdman (1957) . The spore materials were also photographed using a digital microscope (Celeron).
Anatomical study
The stipes were only collected from frond bearing spore. The preparation of stipe anatomy used paraffin method following Johansen (1940) . The stipe materials were fixed in Formalin-acetic acid-alcohol (FAA) for 24 h. The materials were then removed from the FAA and placed in ethanol dehydration series (70% for 30 min, 80% for 30 min, 95% for 30 min, 100% for 30 min and 100% for 60 min). This dehydration was followed by dealchoholization by placing the material in this following solution, ethanol: xylol (3:1, 1:1, 1:3 for 30 min. each), xylol for 30 min twice, and the mixture of 1:9 xylol-paraffin with incubation at 58 0 C for 24 h. The materials were then infiltrated with paraffin at 58 0 C. After 24 h, replace with new paraffin. A 7 mm thick section was cut with Microtome (MICROM) and stained with 1% safranin solution and followed by placing in Xylol I, Xylol II, alcohol-xylol (1:3, 1:1, 3:1), alcohol series (100% twice, 95%, 80%, 60%, 40%) 3 min. each. All of the stipe specimens were then photographed with a digital microscope (Celeron).
RESULTS AND DISCUSSION
In this study, we identified a total of four common fern species from 21 study sites in Pekanbaru, Riau Province (Table 2) . Habitat: This species is commonly found as epiphytic fern on the other vegetation, especially on oil palm tree (Elaeis guineensis Jacq.). We also identified other plant hosts, i.e., Rambutan (Nephelium lappaceum L.), Akasia (Acacia sp.)
Examined specimens: DD1C Tangkerang 
Palynology
Spore is a reproduction unit on algae, fungi, bryophyte, and pteridophyte (fern). In fern, spore morphology becomes the characteristic among the members and support the taxonomical task (Sofiyanti et al. 2015a) . Figure 3 presents the spore morphology of four examined species, while Table 3 shows the spore features. We observed two types of spore in this study, monolete and trilete. Monolete spore (Figure 3 .A-C) is a spore with single elongate scar called laesura. It is also characterized by having kidneyshaped grain, while trilete spore ( Figure  3 .D) has trichotomous laesura with tricomonosulcate aperture. These two spore types were also reported for the Pteridaceae from Chevron Forest, Rumbai, Riau (Marpaung et al. 2016) as well as other fern species (Moran et al. 2007; Sofiyanti et al. 2017; Xiao-Ying et al. 2010; Zenkteler 2012) . Three out of four ferns examined in this study have monolete spore, i.e. Stenochlaena palustris (Figure  3a) , Nephrolepis biserrata (Figure 3.B) , and Davalia denticulata (Figure  3 .C). The only fern species with trilete spore in this study is Dicranopteris linearis (Figure 3.D) . This result in accordance with the fern spore study by Makgomol (2006) . The monolete spore of S. palustris examined in this study support the basic spore type of Blechnaceae including Blechnum (Nayar and Devi 1964; Passarelli et al. 2010) and Stenochlaena . Stenochlaena palustris has disulcate aperture, i.e. two apertures with sulcus shape. In contrast Nephrolepis biserrata and Davalia denticulata have monosulcate aperture (one aperture with sulcus shape). The only fern species with trilete spore in this study is Dicraopteris linearis (Figure 3.d) . This spore type was also found in other genera such as Adiantum, Pteris, Lygodium, and Lindsaea (Makgomol 2006) .
There is two spore size found in this study, i.e., medium (Nephrolepis biserrata and Davalia denticulata.) and big spore (Dicranopteris linearis and Stenochlaena palustris). According to Erdtman (1945 ) in Edrtmand (1957 , the size of medium and big spore range from 20-50 µm and 50-100 µm, respectively. The biggest spore belongs to Stenochlaena palustris, with the longest axis is 58,73 ± 4,68 µm. Based on the observation of Polar-equatorial (P/E) ratio, we identified two spore shapes, i.e., subprolate and prolate. The range of P/E Ratio subprolate spore is 1,44-1,33, while prolate is 1,33-2,00 (Erdtman 1957) .
The other spore characteristic is ornamentation. We observed three ornamentations, i.e., massues, verrucate, and psilate. According to Agashe and Caulton (2009) , the massues spore has small knobby ornament on the outer spore surface. This ornamentation was found in Stenochlaena palustris ( Figure  3 .a.). The verrucate ornamentation is wart-like ornamentation. Two species that have verrucate ornamentation are Nephrolepis bisserata and Davalia denticulata, while Dicranopteris linearis has psilate ornamentation, with the smooth surface.
Stipe anatomy
The study of stipe anatomy had been reported on some fern species. Some Malaysian ferns had been examined their stipe anatomy, such as Gleicheniaceae including Dicranopteris linearis (Yen 2006) , Davallia, including Davallia denticulata (Talib et al. 2012) , Blechnum (Talip et al. 2014 ). While Resmi et al. (2016) reported the stipe anatomy of Adiantum, Drynaria, Lygodium, Marsilea, Pityrogramma, and Pteris from South India. In this study, we examined the stipe anatomy of all fern species in this study. Figure 4 shows the cross section of stipes, while the characteristic of stipe anatomy presented in Table 4 . Figure  4 The zone of cortex may vary on the species. One zone cortex was found in Davallia denticulata. Two zone cortex was found in two species, i.e. Nephrolepis biserrata and Stenochlaena palustris. In the first species, the outer zone consists of thick wall sclerenchymatous cells, arranged in 4 -5 layers. While the inner zone comprises of a larger thin wall polygonal cell. This cortex arrangement is similar to Cheilantes tenuifolia reported by Meerabai (2012) . While Stenochlaena palustris has numerous big intercellular cells (Figure 4k ), especially towards inner side.
Cortex with three zones was found in Dicranopteris linearis (Figure 4f ). The cortex is divided into three different layers, i.e., outer, middle and innermost cortex. Outer and middle cortex consisted of multilayer cells. However, the outer cortex cells have a thick wall, while the middle one is thin. The innermost cortex consisted of two cell layers with a thick wall (± 2 µm). This species is also characterized by having numerous big intercellular cells (Figure 4g ). Our observation of vascular bundles found that they varied in size and shape in four examined species (Figure 4 , Table 4 ). Davallia denticulata has 11 vascular bundles with rounded and oval shapes. The size of the vascular bundle of this species is smaller than other species in this study. The rounded vascular bundle is also found in Nephrolepis biserrata and Stenochlaena palustris. The unique shape of vascular bundle is found in Dicranopteris linearis. This species has one vascular bundle only with heart-shaped that curved at both upperside towards inner side, that becomes the characteristic of this species and gives an important anatomical data for the systematics of Dicranopteris linearis.
The type of vascular bundles or four species observed is similar, i.e concentric bundle, because in cross section the xylem and phloem form a concentric ring. In this type of bundle, phloem surrounds xylem, therefore, called amphicribral or also well known as hadrocentric. This type is very common in the fern. Each vascular bundle in this study is surrounded by one layer endodermis. The clear schlerenchymatous layer that surrounds endodermis is only found in Nephrolepis biserrata ( Figure  4i ). For Stenochlaena palustris, multilayer pericycle cells are found beneath endodermis (Figure 4h ). Pericycle consists of parenchyma or sclerenchyma cells, that considered part of the vascular cylinder that formed from procambium as other vascular tissue. Most of the vascular bundle shape in Stenochlaena palustris are rounded, and only one big reniform-shaped that consisted of two vascular bundles (Figure 4j ). The number of vascular bundles varies within the species, range from 1 to 23. However, even though Dicranopteris linearis has only one vascular bundle the size is very large. The stele type of all species in this study is atactostele, in which vascular bundle sparsely distributed. This stele also found in other fern members such as Lygodium and Selaginella (Khullar 2008) . The vascular bundle consists of xylem and phloem. Xylem has simple tracheids that vary in size, known as metaxylem and protoxylem. Metaxylems have scalariform and pitted thickenings, while protoxylems have had annular and spiral thickening.
In conclusion, a total of four common ferns from Pekanbaru were identified in this study, with two species are monomorphic (Nephrolepis biserrata and Dicranopteris linearis), the others are dimorphic (Stenochlaena palustris and Davalia denticulata). The cross-section of stipes of each species showed a layer of the epidermis, while the cortex layer varied from 1 (Davallia denticulata), 2 (Nephrolepis biserrata and Stenochlaena palustris) and 3 (Dicranopteris linearis). All of four species had a similar vascular bundle, amphicribral concentric, with atactostele. The monolete spore was found in three species (Nephrolepis biserrata, Davalia denticulata, and Stenochlaena palustris), while trilete spore was found in Dicranopteris linearis. The results of this study give important data for lower plant taxonomists in description, identification, characterization and classification tasks.
